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Description 

The present invention relates to an acceleration 
sensor. More particularly, the invention relates to an ac- 
celeration sensor having a vibrator of polygonal prism 
shape and piezoelectric elements formed on side faces 
of the vibrator. 

As a conventional acceleration sensor using a pie- 
zoelectric body, a cantilever type supported by one end 
of the piezoelectric body or a twin-support type support- 
ed by both ends were available. 

However, such prior art acceleration sensors are 
unable to detect slight accelerations as weak as 0.001 
G. 

DE 3817354A1 discloses acceleration sensors. 
The sensor shown in Figure 7 has a plate-like vibration 
member consisting of electrically conductive material 
and two piezoelectric elements attached to both main 
faces of the plate-like vibration member. Electrodes of 
said piezoelectric elements are used for detecting a pos- 
itive or negative electrical charge which is generated de- 
pendent upon the acceleration detected by the sensor. 
The piezoelectric elements are polarized in such a man- 
ner that a current of the same direction is generated by 
both elements. This prior art acceleration sensor is a 
passive detection element and not an actively driven el- 
ement. 

Starting from the above prior art, the invention is 
based on the object of providing an acceleration sensor 
which can measure slight accelerations with improved 
accuracy. 

This object is achieved by a sensor in accordance 
with claim 1 . 

The acceleration sensor comprises a vibrator of po- 
lygonal prism shape which is rotation symmetric with re- 
spect to its axis, and piezoelectric elements formed on 
a plurality of side faces of the vibrator which are rotation 
symmetric with respect to the axis of the vibrator, where- 
in the direction of polarization of the piezoelectric ele- 
ments are same direction with respect to the axis of the 
vibrator. 

In this vibrator, a resonance frequency of the longi- 
tudinal vibration is equalized to a resonance frequency 
of the bending vibration. 

The vibrator vibrates in the longitudinal direction by 
applying a driving signal of the same phase to the plu- 
rality of the piezoelectric elements to give inertia to the 
vibrator. In this state, when acceleration is applied to the 
vibrator in the direction perpendicular to its side face, 
the vibrator is deflected. The deflection of the vibrator 
becomes large by equalizing the resonance frequency 
of the longitudinal vibration of the vibrator and the res- 
onance frequency of the bending vibration of the vibra- 
tor. 

According to the present invention, when the vibra- 
tor is deflected by applying acceleration to it, voltages 
generate in the piezoelectric elements depending upon 
a magnitude of the deflection. By measuring the voltag- 



es of the piezoelectric elements, the direction in which 
the acceleration is applied and the acceleration value 
can be measured. The deflection of the vibrator be- 
comes large by equalizing the resonance frequency of 

5 the longitudinal vibration of the vibrator and the reso- 
nance frequency of the bending vibration of the vibrator, 
and this enables to detect a slight acceleration. 

The above and further objects, features, aspects 
and advantages of the invention will be more fully ap- 

10 parent from the following detailed description with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 Fig. 1 is a perspective view showing one embodi- 
ment of the present invention. 

Fig. 2 is a sectional view showing the acceleration 
sensor of Fig. 1 . 

Fig. 3 is an illustrative view showing a state in which 
20 acceleration is not applied to the acceleration sensor of 
Fig. 1. 

Fig. 4 is an illustrative view showing a state in which 
acceleration is applied to the acceleration sensor of Fig. 
1. 

25 Fig. 5 is an illustrative view showing an another em- 
bodient of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

30 

Fig. 1 is a perspective view showing one embodi- 
ment of the present invention, and Fig. 2 is its sectional 
view. The acceleration sensor 10 includes, for example, 
a regular quadrangular prism shaped vibrator 12. The 

35 vibrator 1 2 is formed of, for example, a constant elastic 
metal material such as elinvar. On two opposed side fac- 
es of the vibrator 12, piezoelectric elements 14 and 16 
are formed on their center portions respectively. The pi- 
ezoelectric element 14 includes a piezoelectric body 

40 14a made of piezoelectric ceramics or the like. On both 
surfaces of the piezoelectric body 14a, electrodes 14b 
and 14c are formed. And one electrode 14c is bonded 
to a side face of the vibrator 12. Similarly, the piezoe- 
lectric element 16 includes a piezoelectric body 16a, on 

45 both surfaces of which electrodes 16b and 16c are 
formed respectively. One electrode 16c is bonded to a 
side face of the vibrator 1 2. The piezoelectric bodies 1 4a 
and 16a of these piezoelectric elements 14 and 16 are 
polarized from the outside toward the side of the vibrator 

50 12 respectively. That is, the piezoelectric body 14a is 
polarized from the side of the electrode 14b toward the 
side of the electrode 1 4c, and the piezoelectric body 1 6a 
is polarized from the side of the electrode 16b toward 
the side of the electrode 1 6c. On the centers of the side 

55 faces of the vibrator 12 on which the piezoelectric ele- 
ments are not formed, supporting members 18 for sup- 
porting the vibrator 12 are fixed. 

As shown in Fig. 3, an oscillation circuit 20 is con- 
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nected in parallel to the piezoelectric elements 14 and 
16 of the acceleration sensor 10. A signal from the os- 
cillation circuit 20 is applied to the piezoelectric ele- 
ments 14 and 16 via a resistor 22 and 24 respectively. 
The signals applied to the piezoelectric elements 1 4 and 
16 respectively are of the same phase. Because the re- 
spective piezoelectric elements 14 and 16 have been 
polarized from the outside toward the side of the vibrator 
12, the vibrator 12 vibrates in its longitudinal direction 
as shown with the arrows of Fig. 3. I nertia is given to the 
vibrator 12 by vibration of itself in its longitudinal direc- 
tion. 

Furthermore, the piezoelectric elements 14 and 16 
are respectively connected to input terminals of an op- 
erational amplifier 26 for differential amplificaion. There- 
fore, an output corresponding to a voltage difference be- 
tween the voltages generated in the piezoelectric ele- 
ments 14 and 16 is obtained at the output terminal of 
the operational amplifier 26. When acceleration is not 
applied to the vibrator 12, voltages generated in the pi- 
ezoelectric elements 14 and 16 have the same value 
and the same phase. Therefore, the output of the oper- 
ational amplifier 26 is zero. 

In a state of vibration of the vibrator 12, when ac- 
celeration is applied to the vibrator 12 in the direction 
perpendicular to the faces of the piezoelectric elements 
14 and 16, the vibrator 12 is deflected as shown in Fig. 
4. Voltages generate in the piezoelectric elements 14 
and 16 due to the deflection of the vibrator 12, and the 
voltages are of an opposite phase. Therefore, an output 
corresponding to a voltage difference between the volt- 
ages generated in the piezoelectric elements 14 and 16 
is obtained from the operational amplifier 26. Thus, 
when measuring the output of the operational amplifier 
26, an acceleration applied to the acceleration sensor 
10 can be detected. 

In the acceleration sensor 10, because the piezoe- 
lectric bodies 1 4a and 1 6a have been polarized from the 
outside toward the side of the vibrator 1 2, voltages gen- 
erated in the piezoelectric elements 1 4 and 1 6 when ac- 
celeration is applied have an opposite phase respective- 
ly. Therefore, when measuring a voltage difference be- 
tween the output voltages of the piezoelectric elements 
14 and 16, a large value of the output can be obtained. 
Thus, a slight acceleration can be correctly measured. 
Furthermore, when a resonance frequency of the longi- 
tudinal vibration of the vibrator 1 2 is equalized to a res- 
onance frequency of the bending vibration of the vibrator 
12, the deflection of the vibrator 12 becomes large at 
application of acceleration. Therefore, the sensor can 
sense a slight acceleration, thereby providing a good 
sensitivity. 

Fig. 5 is a circuit diagram showing another embod- 
iment of the present invention. In this embodiment, the 
vibrator 1 2 is formed in a regular triangular prism shape. 
And, on the center portion of each side face of the vi- 
brator 12, piezoelectric elements 30, 32 and 34 are 
formed. The piezoelectric bodies of these piezoelectric 



elements 30, 32 and 34 also are polarized from the out- 
side toward the side of the vibrator 12. An oscillation 
circuit 20 is connected in parallel to these piezoelectric 
elements 30, 32 and 34 via resistors 36, 38 and 40 re- 

5 spectively. 

Two of the piezoelectric elements 30, 32 and 34 are 
combined and connected to input terminals of opera- 
tional amplifiers 42, 44 and 46. That is, the piezoelectric 
elements 30 and 32 are connected to the two input ter- 

10 minals of the operational amplifier 46, and the piezoe- 
lectric elements 32 and 34 are connected to the two in- 
put terminals of the operational amplifier 44, and the pi- 
ezoelectric elements 30 and 34 are connected to the two 
input terminals of the operational amplifier 42. 

15 in this acceleration sensor 10 also, the vibrator 12 
vibrates in its longitudinal direction by the signal of the 
oscillation circuit 20. In this state, when acceleration is 
applied to the vibrator 12 in the direction perpendicular 
to the axis of the acceleration sensor 1 0, the vibrator 1 2 

20 is deflected. Depending upon the deflection of the vibra- 
tor 12, voltages generate in the respective piezoelectric 
elements 30, 32 and 34. That is, in the piezoelectric el- 
ements 30, 32 and 34, the voltage corresponding to an 
acceleration component in the direction perpendicular 

25 to each side face of the vibrator 12 is generated. And, 
an output corresponding to a voltage difference be- 
tween the output voltages of the piezoelectric elements 
connected to the respective input terminals of the oper- 
ational amplifier is obtained from the respective opera- 

30 tional amplifiers 42, 44 and 46. Therefore, when meas- 
uring the values of the outputs from these operational 
amplifiers 42, 44 and 46, the value and the direction of 
acceleration can be detected. 

In addition, the vibrator 12 may have other shapes 

35 including, for example, a regular pentagonal prism 
shape. In this case, the piezoelectric element is formed 
on the center portion of each side face of the regular 
pentagonal prism shaped vibrator. And, the piezoelec- 
tric body of each piezoelectric element is polarized from 

40 the outside toward the vibrator side. As mentioned 
above, any shape of the vibrator 12 may be used if it is 
a prism shape which is rotation symmetric with respect 
to its axis. In this case, the piezoelectric elements are 
not necessarily formed on all side faces of the vibrator, 

45 but it is necessary to arrange the piezoelectric elements 
in rotation symmetry to the prism axis. Furthermore, the 
shape of the vibrator 1 2 is not limited to a regular polyg- 
onal prism shape, and any polygonal prism shape may 
be used if it is rotational symmetric with respect to its 

50 axis. In addition, in the above embodiments, the piezo- 
electric bodies are polarized from the outside toward the 
vibrator side, however, all piezoelectric bodies may be 
polarized from the vibrator side toward the outside. That 
is, any direction of polarization of the piezoelectric bod- 

55 ies is accetable if they are the same direction with re- 
spect to the axis of the vibrator. 

It will be apparent from the foregoing that, while the 
present invention has been described in detail and illus- 
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trated, these are only particular illustrations and exam- 
ples and the invention is not limited to these. The scope 
of the invention is limited only by the appended claims. 

Claims 

1. An acceleration sensor comprising: 

a vibrator (1 2) of a polygonal prism shape which 
is rotation symmetric with respect to its axis, 
and 

piezoelectric elements (14, 16; 30, 32, 34) 
formed on a plurality of side faces of said vibra- 
tor (12) which are rotation symmetric with re- 
spect to the axis of said vibrator (12), 

wherein all piezoelectric elements (14, 16; 30, 
32, 34) are polarized in a direction perpendic- 
ular to the respective side face and wherein all 
of said piezoelectric elements (14, 16; 30, 32, 
34) are equally polarized either from the outside 
to the vibrator (12) side or from the vibrator (12) 
side to the outside, 

said acceleration sensor further comprising: 

means (20) for applying a driving signal of the 
same phase to the plurality of piezoelectric el- 
ements (14, 16; 30, 32, 34) such that said vi- 
brator (12) is vibrating in its axial direction, and 

means (26; 42, 44, 46) for determining acceler- 
ation by measuring a voltage difference be- 
tween the piezoelectric elements (14, 16; 30, 
32, 34) caused by a deflection of the vibrator 
(12) in response to the acceleration applied 
perpendicular to the axis. 

2. An acceleration sensor according to claim 1 , where- 
in a resonance frequency of the longitudinal vibra- 
tion of said vibrator (12) and a resonance frequency 
of the hending vibration of said vibrator (12) are 
equal. 

3. An acceleration sensor according to claim 2, where- 
in the direction of the polarization of said piezoelec- 
tric elements (14, 16; 30, 32, 34) is the direction 
from the outside toward said vibrator (12) side. 

4. An acceleration sensor according to claim 3, where- 
in said vibrator (12) is formed into a quadrangular 
prism shape; and said piezoelectric elements (14, 
1 6) are formed on opposed side faces of said vibra- 
tor (12). 

5. An acceleration sensor according to claim 3, 



wherein said vibrator (1 2) is formed into a triangular 
prism shape, and said piezoelectric elements (30, 
32, 34) are formed on three side faces of said vibra- 
tor (12). 

5 

6. An acceleration sensor according to claim 2, where- 
in the direction of the polarization of the piezoelec- 
tric elements (14, 16; 30, 32, 34) is the direction 
from said vibrator (12) side toward the outside. 

w 

7. An acceleration sensor according to claim 6, where- 
in said vibrator (12) is formed into a quadrangular 
prism shape, and said piezoelectric elements (14, 
1 6) are formed on opposed side faces of said vibra- 

15 tor (12). 

8. An acceleration sensor according to claim 6, where- 
in said vibrator (1 2) is formed into a triangular prism 
shape, and said piezoelectric elements (30, 32, 34) 

20 are formed on three side faces of said vibrator (1 2). 

Patentanspruche 

25 1. Ein Beschleunigungssensor mit folgenden Merk- 
malen: 

einem Vibrator (12) mit einer polygonalen Pris- 
menform, welcher rotationssymmetrisch be- 
30 zuglich seiner Achse ist, und 

piezoelektrischen Elementen (14, 16; 30, 32, 
34), die auf einer Mehrzahl von Seitenflachen 
des Vibrators (12) gebildet sind, welche rotati- 
35 onssymmetrisch bezuglich der Achse des Vi- 

brators (12) sind, 

wobei alle piezoelektrischen Elemente (14, 16; 
30, 32, 34) in eine Richtung senkrecht zu der 
40 jeweiligen Seitenflache polarisiert sind, und 

wobei alle piezoelektrischen Elemente (14, 16; 
30, 32, 34) entweder von der AuBenseite zu der 
Vibratorseite (1 2) hin oder von der Vibratorseite 
(12) zu der AuBenseite hin gleich polarisiert 
45 sind, 

wobei der Beschleunigungssensor ferner fol- 
gende Merkmale aufweist: 

50 eine Einrichtung (20) zum Anlegen eines Trei- 

bersignals der gleichen Phase an die Mehrzahl 
von piezoelektrischen Elementen (14, 16; 30, 
32, 34), derart, daB der Vibrator (12) in seiner 
Axialrichtung schwingt, und 

55 

eine Einrichtung (26; 42, 44, 46) zum Bestim- 
men einer Beschleunigung durch das Messen 
einer Spannungsdifferenz zwischen den piezo- 
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elektrischen Elementen (14, 16; 30, 32, 34), die 
durch eine Ablenkung des Vibrators (12) als 
Reaktion auf die Beschleunigung, die senk- 
recht zu der Achse ausgeubt wird, bewirkt wird. 

2. Ein Beschleunigungssensor gemaG Anspruch 1, 
bei dem die Resonanzfrequenz der Longitudinal- 
schwingung des Vibrators (12) und die Resonanz- 
frequenz der Biegeschwingung des Vibrators (12) 
gleich sind. 

3. Ein Beschleunigungssensor gemaG Anspruch 2, 
bei dem die Richtung der Polarisation der piezo- 
elektrischen Elemente (14, 16; 30, 32, 34) die Rich- 
tung von der AuGenseite zu der Vibratorseite (12) 
hin ist. 

4. Ein Beschleunigungssensor gemaG Anspruch 3, 
bei dem der Vibrator (12) in einer vierseitigen Pris- 
menform ausgebildet ist, und bei dem die piezo- 
elektrischen Elemente (14, 16) auf gegenuberlie- 
genden Seitenflachen des Vibrators (12) ausgebil- 
det sind. 

5. Ein Beschleunigungssensor gemaG Anspruch 3, 
bei dem der Vibrator (12) in einer dreiseitigen Pris- 
menform ausgebildet ist, wobei die piezoelektri- 
schen Elemente (30, 32, 34) auf drei Seitenflachen 
des Vibrators (12) gebildet sind. 

6. Ein Beschleunigungssensor gemaG Anspruch 2, 
bei dem die Richtung der Polarisation der piezo- 
elektrischen Elemente (14, 16; 30, 32, 34) die Rich- 
tung von der Vibratorseite (12) zu der AuGenseite 
ist. 

7. Ein Beschleunigungssensor gemaG Anspruch 6, 
bei dem der Vibrator (12) in einer vierseitigen Pris- 
menform ausgebildet ist, wobei die piezoelektri- 
schen Elemente (14, 16) auf gegenuberliegenden 
Seitenflachen des Vibrators (12) gebildet sind. 

8. Ein Beschleunigungssensor gemaG Anspruch 6, 
bei dem der Vibrator (12) in einer dreiseitigen Pris- 
menform ausgebildet ist, wobei die piezoelektri- 
schen Elemente (30, 32, 34) auf drei Seitenflachen 
des Vibrators (12) gebildet sind. 



Revendications 

1. Capteur deceleration comprenant: 

un vibrateur (12) en forme de prisme polygonal 
qui est symetrique en rotation par rapport a son 
axe, et 

des elements piezoelectriques (14, 16; 30, 32, 
34) formes sur une pluralite de faces laterales 



du vibrateur (12) qui sont symetriques en rota- 
tion par rapport a I'axe du vibrateur (12), 
dans lequel tous les elements piezoelectriques 
(14, 16; 30, 32, 34) sont polarises dans une di- 
5 rection perpendiculaire a la face laterale res- 

pective et dans lequel tous lesdits elements 
piezoelectriques (14, 16; 30, 32, 34) sont pola- 
rises de maniere egale, soit de I'exterieur vers 
le cote du vibrateur (12), soit du cote du vibra- 
to teur (12) vers I'exterieur, 

ledit capteur d'acceleration comprenant, par 
ailleurs: 

un moyen (20) destine a appliquer un signal de 
commande de meme phase sur la pluralite 
15 d'elements piezoelectriques (14, 16; 30, 32, 

34), de facon que ledit vibrateur (1 2) vibre dans 
son sens axial, et 

un moyen (26; 42, 44, 46) destine a determiner 
I'acceleration en mesurant la difference de ten- 
20 sion entre les elements piezoelectriques (14, 

16; 30, 32, 34) provoquee par une deflexion du 
vibrateur (12) en reponse a I'acceleration appli- 
quee perpendiculairement a I'axe. 

25 2. Capteur d'acceleration suivant la revendication 1, 
dans lequel la frequence de resonance de la vibra- 
tion longitudinale dudit vibrateur (12) et la frequen- 
ce de resonance de la vibration de flexion dudit vi- 
brateur (12) sont egales. 

30 

3. Capteur d'acceleration suivant la revendication 2, 
dans lequel la direction de polarisation desdits ele- 
ments piezoelectriques (14, 16; 30, 32, 34) est la 
direction de I'exterieur vers le cote dudit vibrateur 

35 (12). 

4. Capteur d'acceleration suivant la revendication 3, 
dans lequel ledit vibrateur (12) est faconne en forme 
de prisme quadrangulaire et lesdits elements pie- 

40 zoelectriques (1 4, 1 6) sont formes sur des faces la- 
terales opposees dudit vibrateur (12). 

5. Capteur d'acceleration suivant la revendication 3, 
dans lequel ledit vibrateur (12) est faconne en forme 

45 de prisme triangulaire et lesdits elements piezoe- 
lectriques (30, 32, 34) sont formes sur trois faces 
laterales dudit vibrateur (12). 

6. Capteur d'acceleration suivant la revendication 2, 
50 dans lequel la direction de polarisation des ele- 
ments piezoelectriques (14, 16; 30, 32, 34) est la 
direction du cote dudit vibrateur (1 2) vers I'exterieur. 

7. Capteur d'acceleration suivant la revendication 6, 
55 dans lequel ledit vibrateur (1 2) est faconne en forme 

de prisme quadrangulaire et lesdits elements pie- 
zoelectriques (1 4, 1 6) sont formes sur des faces la- 
terales opposees dudit vibrateur (12). 



20 
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8. Capteur deceleration suivant la revendication 6, 
dans lequel ledit vibrateur (1 2) est faeonne en forme 
de prisme triangulaire et lesdits elements piezoe- 
lectriques (30, 32, 34) sont formes sur trois faces 
laterales dudit vibrateur (12). 5 
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